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Non -arterial assessment of blood gas status
in patients with chronic pulmonary disease
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SUMMARY
Assessment of blood gas status is important in the management ofpatients with
chronic pulmonary disease. Arterial puncture is often painful and may damage
the arterial wall. Measurement of oxygen saturation by transcutaneous oximetry
offers a non - invasive alternative to arterial methods but does not allow assess -

ment of partial pressure of carbon dioxide. We have examined the value of
oximetry and dorsal hand venous carbon dioxide as an alternative to arterial
puncture. Transcutaneous oxygen saturation correlated with arterial oxygen
saturation (r= O 76, p <0 001) with an error of 2- 1 % and dorsal hand venous
carbon dioxide tension correlated with the arterial tension (r = 0-84, p <0 001)
with an error of8 %. Changes in oximetric oxygen saturation and venous carbon
dioxide tension following oxygen therapy reflected arterial values. Assessment of
blood gas status using oximetry and dorsal hand venous carbon dioxide tension
is a useful alternative to arterial puncture.

INTRODUCTION
The measurement of arterial blood gases in patients with chronic pulmonary
disease is important in both diagnosis and management.1 Arterial puncture
is, however, a painful procedure and may occasionally damage the arterial
wall.1, 2 3'4 It would be of benefit to patients if blood gas status could be assessed
by less invasive methods, particularly if repeated measurement is required.
Transcutaneous oximetry which measures oxygen saturation (SO 2) by the
absorbance of two wave lengths of light is an accurate non -invasive method to
assess oxygenation.5' 6 However, it is often important to know arterial carbon
dioxide tension (PaCO2), which reflects abnormalities of ventilation and this
requires arterial puncture. In this study we have examined the reliability of
assessment of blood gas status using ear oximetry for measurement of arterial
oxygen saturation and dorsal hand venous partial pressure of carbon dioxide
(PvCO2) for estimation of arterial partial pressure of carbon dioxide.

METHODS
Forty-eight patients aged 62 ± 12 years (mean ± SD) with chronic pulmonary
disease (12 with pulmonary fibrosis and 36 with chronic obstructive lung disease)
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were studied in hospital during recovery from an acute exacerbation of their
condition. Subjects sat comfortably for at least thirty minutes breathing room air
connected to an ear oximeter (Biox 11).5, 6 Simultaneous blood samples were
taken anaerobically from the radial artery and from a dorsal hand vein and oxygen
saturation was recorded from the ear oximeter (SeO2). Both blood samples were
analysed immediately for blood gases and pH. In 24 of the patients this procedure
was repeated following the administration of oxygen via nasal spectacles at
21/min for one hour.
Arterial oxygen tension (PaO2) was converted to saturation (SaO2) using the
method of Severinghaus which includes corrections for pH and PaCO2.7 Values
obtained from the different methods of measurement were then compared using
a paired 't' test. The agreement between the variables methods was assessed by
calculation of the coefficient of correlation by the least squares method and the
error standard deviation and coefficient of variation (CV) as described by Bland.8

RESULTS
No significant difference was observed between the arterial and venous C02
tensions (PaCO2 41 ±9*5 mmHg, PvCO2 42 ±10*6 mmHg), and the two
were closely related (r = 0 84, p <0 001; Fig 1). The error standard deviation
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Fig 1. Relationship between dorsal hand venous (PvCO2) and arterial (PaCO2) tension of carbon
dioxide. The line of regression is shown.
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for PCO2 was 3 5 mmHg and the coefficient of variation was 8%.8 No
significant difference was observed between earlobe oxygen saturation (SaO2
93±5%, SeO2 94±+5%, and the two were also closely related (r=0-76,
p < 0 001; Fig 2). The error standard deviation for SO2 between methods was
2 * 1 % and the coefficient of variation was 2 3%. Following the administration
of oxygen (n=24) there was a significant increase in SaO2 from 90±4-1%
to 95±2*7% (p<O*001). A similar increase in SeO2 from 92±55*1% to
96 ±3%-1% (p <0.001) was also observed. Following 02 therapy there was
no significant change in PaCO2 (39 +±9 to 42 ±9 mmHg) or PvCO2 (40 ± 9 to
44 ±10 mmHg).

DISCUSSION
Arterial blood gas determination, though the standard for assessment of hypoxia
and hypercapnia, presents a number of difficulties. Arterial puncture is painful in
over 25% of patients and causes bruising in 60%.3 The procedure may also be
traumatic, resulting in direct arterial damage.4'9 In hypoxic patients it is sometimes
difficult to determine if a sample is arterial or venous in origin and results may be
discarded or considered to be misleading.
Transcutaneous oximetry is a simple and accurate method of assessing oxygen-
ation in patients with compromised respiratory function. It is non - invasive and
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Fig 2. Relationship between ear oximetry (SeO2) and arterial blood gas (SaO2) estimations of
oxygen saturation. The line of regression is shown.
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allows continuous monitoring of oxygen saturation, but provides no information
regarding carbon dioxide tension. In conditions where hypoventilation or
ventilation: perfusion mismatching occur, hypercapnoea may develop following
oxygen therapy. This is potentially dangerous as carbon dioxide narcosis will
further reduce respiratory drive and may result in coma and death.10 It is therefore
important to monitor carbon dioxide levels in such patients and this usually
requires arterial puncture.
We have shown good agreement between direct arterial measurement of oxygen
saturation and saturation determined by ear oximetry, confirming the utility of
this non -invasive method.5,6 The coefficient of variation of the measurements is
small and in general within the variability of the machine.6 Similarly, there was
good agreement between PaCO2 and PvCO2 in blood from a dorsal hand vein.
When dorsal hand venous blood is arterialised using a hand warming device, gas
tensions are similar to arterial blood.'1 Many patients with chronic pulmonary
disease have carbon dioxide retention, and are already vasodilated, so no arterial-
isation procedure need be undertaken. The coefficient of variation for the
difference between methods is within the assay variation for PaCO2, (4-12%).12
Oximetric measurement of saturation tended to underestimate blood gas values
by 3%, and venous assessment of PCO2 overestimated by 5 mmHg. However,
both methods were accurate in detecting changes following oxygen therapy when
the error for PCO2 was 2-3% and PaO2 was 5%.
In conclusion we have shown good agreement between venous and arterial
measurement of CO2 tension, and between arterial and oximetric measurement
of 02 saturation. Venous blood sampling and ear oximetry are less invasive than
direct arterial puncture, and the information obtained accurately reflects blood
gas status. These relatively simple investigations should be of value when
monitoring patients with chronic pulmonary disease.
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